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DEPARTMENT OF THE ARMY

PROGRAM MANAGER FOR CHEMICAL DEMILITARIZATION w
ABERDEEN PROVING GROUND, MARYLAND 21010-5401

07-05-00 P03:56 [N
July 5, 2000 M

LTS, o 00.0 2686

Tocele Chemical Agent PM-00545
Disposal Facility

SUBJECT: Department of the Army, Office of the Assistant Secretary,
Deputy Director of Army Safety, Investigation Board Report
for the Toocele Chemical Agent Disposal Facility (TOCDFE),
Tocele, Utah concerning the May 8, 2000 Common Stack Alarm
Occurrence

Mr. Dennis Downs

Utah Department of Environmental Quality
Division of Solid and Hazardous Waste
288 North 1460 West

P.O. Box 16690

Salt Lake City, Utah B84116-0690

Dear Mr. Downs:

The purpose of this correspondence is to provide the informal
15-6 Investigation by the Department of the Army, Cffice of the
Assistant Secretary, Deputy Director of Army Safety, for the May 8,
2000 Common Stack Alarm at the Tooele Chemical Agent Disposal Facility
(TOCDF), dated June 30, 2000.

The enclosed report addresses in detail the findings and

recommendations from the investigation conducted between 11 and 18 May
2000 at the TOCDF.

Your technical point of contact in this matter is Mr. J. David
Jackson at (435) 833-7438.

Sincerely,

Grte P Colfpsrn J ]

ames F. Colburn J, David Jackson
EG&G Defense Materials TbCDF Site Project Manager
*CERTIFICATION BTATEMENT L_)CZRTIPICATIDH STA:EEEET
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n Todd = _
eseret Chemical Depot

Enclosure
Copies Furnished: w/o Encls

Joe Stang

Pete Davis

COL Bruce E. Pate

Harold Oliver

Mike Saupe

File

*I CERTIFY UNMDER PEMALTY OF LAW THAT TH1S DOCUMENT AND ALL ATTACHMENTS WERE PREPARED UNDER MY DIRECTIGN P SUFERVISION IN
ACCORDANCE WITH A SYSTEM DESIGNED TO ASSURE THAT QUALIFIED PERSONNEL PROPERLY GATHER AND EVALUATE THE IHFORMATION SUBMITTED. BASED
ON MY INQUIRY OF THE FERSON OR PERSONS5 WHO MANAGE THE SYSTEM, OR THOSE PERSONS DIRECTLY RESPONSIBLE FGP GATHERIMNG THE INFORMATION,

THE INFORMATION SUBMITTED IS, TO THE BEST OF MY KNOWLEDGE AND BELIEF, TRUE, ACCURATE AND COMPLETE. [ AM AWAME THAT THERE AFE
SIGNIFICANT PENALTIES FOR SUBMITTING FALSE INFORMATION, INCLUDING TEE POSSIBILITY OF FTINE AND IMERISONMENT FOLE FNOWING VIOLATIONS.
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DEPARTMENT OF THE ARMY
OFFICE OF THE ASSISTANT SECRETARY
INSTALLATIONS AND ENVIRCHMENT
110 ARMY PENTAGON
WASHINGTON DC 20310-0110

JUN 3 0 2000

MEMORANDUM FOR DEPUTY ASSISTANT SECRETARY OF THE ARMY
(CHEMICAL DEMILITARIZATION PROGRAM)

P. 02

PROGRAM MANAGER FOR CHEMICAL DEMILITARIZATION

SUBUECT: investigation Board Report — Taoele Chemical Agent Disposal Facility

(TOCDF), Tooele, Utah

The subject report conceming the May 8, 2000, common stack alarm accurrence:
at TOCDF is provided for your use and releasé in suppert of improving chernical agent
disposal safety. The U.S. Army Safety Center is designated the custodian of record for

this report and will address any future FOIA requests.

7
Regquest the Program Manager for Chemical Demilitarization (PMCD) provide

i

this office and the Director of Ammy Safety NLT August 4, 2000, the PMCD implementa-
tion plan used and actions taken in addrassing the findings and recommendations of

this repart. -

My point of cortact is Mr. Gary W, Abrisz, 697-0440.

B,

Oeputy Assistant Secretary of the Amy
(Environment, Safety and Occupational Heaith)
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INFORMAL 15-6 INVESTIGATION
OF THE
TOOELE CHEMICAL AGENT DISPOSAL FACILITY (TOCDF)
COMMON STACK RELEASE

3-9 MAY 2000

Investigating Officer:

KEVIN CONNORS
COL, IN
Deputy Director of Army Safety




EXECUTIVE SUMMARY

On the night of 8 May to 9 May 2000, nerve agent GB was detected at the Tooele
Chemical Agent Disposal Facility (TOCDF) common stack on two separate occasions.
The first occasion began at 2326 hours. The peak concentration during this event was
3.64 Allowable Stack Concentration (ASC). The second occasion began at 0028 hours.
The final agent alarm cleared at 0056 hours. All the Deactivation Furnace System (DFS)

duct and common stack alarms were confirmed by the analysis of the Depot Area Air
Monitoring System (DAAMS) tubes.

On Tuesday, 9 May 2000. the decision was made to investigate this event. COL Kevin
Connors, Deputy Director of Army Safety, assumed the role of 13-6 investigating officer
on 11 May 2000. Technical advisors included personnel from the U.S. Army Nuclear
and Chemical Agency (USANCA). U.S. Army Technical Center for Explosives Safety,
Office of the Program Manager for Chemical Demilitarization (PMCD), Project Manager
for Chemical Stockpile Disposal (PMCSD), Deseret Chemical Depot (DCD), and
General Physics Corporation (GP):

Mr. James Walters USANCA, Chemical Safety

Mr. Kurt Clausen USATCES, Chemical Safety

Mr. Steve Blunk PMCD, Chemical Engineer/Safety
Mr. Joe Stang ) PMCD, Environmental Compliance
Mr. Rich Newton PMCD, Environmental Monitoring
Mr. Nick Stamarakis PMCD, Quality Assurance

Mr. Pete Davis PMCSD, Operations Team

Mr. Llovd Laycock DCD, Environmenial

Mr, Andy Garcia DCD, Security

Mr. Craig Adams GP, Process Controls

Two scientists, Dr. John Liddle and Mr. John Decker of the Centers for Disease Control
and Prevention (CDC), partnered with the investigation team: the CDC report has been
prepared and will be released separately from this report.

The invesugation team determined that, due to an extraordinary sequence of events and
circumstances, GB agent was emirted from the TOCDF common stack. Computer
analysis indicated that there were no potential health effects 1o any human who was
further than eight feet from the common stack; CDC has released a memo presenting

preliminary findings that there was no impact to the health of TOCDF workers or the
general public due to this accident.

The investigation determined the event was not caused by negligence or an intentional
act. The investigation concluded that plant activities, human error, and equipnient
malfunction caused a DFS upset. The DFS upset caused excessively negative pressures
and excessively high flue gas flow velocities in the DFS kiln, afterburner, and pollution
abatement system that enabled agent vapors to be drawn into the DFS from the
Explosives Containment Room (ECR) B and ultimately exhausted from the common
stack.

The report makes recommendations intended to prevent recurrence in mechanical,
procedural, and management areas.
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REPORT OF PROCEEDINGS BY INVESTIGATING QFFICER/BOARD OF OFFICERS
For wmn of iz form, an, AN 158 tha proommem Mowxy i OTIAG,
JF MORE SPACE I3 REQUIRED IN FILLING OUT ANY PORTION OF THIS FORM, ATTACH ADDITIONAL SHEETS
SECTION | . APPOIMTMENT

Appotnted Mr. Raymond Farz, Deputy Assistant Secretary of the Army, Enviroument, Safety and Occupational Health

Hppointing amhorty)
o 3 M{;y 2;000 {Airach inclosure I: Leaer of appoinimens or summary of oral appownrnent dasa.) (See para 3-15, AR 15-6.)
ale,
SECTION 1} - SESRONS
The (invesganon) (roand) com da _Tooele Chemical Agent Disposal Facility. Tocele, Utah at 0730
{Place) (Time)
an 11 May 2000 (Tf a formal board met for more thars one session, check here [, Indicare in an inclasure the dme cach session began and

ended, the piace, ,ﬁ‘r?am presens and absent, and explenanion of absences, ifamy.) The following persons (members, respondents, countel) werc
present: (Affer each name, indicare capacty. c.g.. President, Recorder. Member, Legal Advisor.)
COL Kevin Connors - lnvesugaring Officer
Technical Advisors: i
. James Walters - USANCA y
Kurt Clasen - USATCES - Chemical Safery o
. Steve Blunk - PMCD - Chem Enp/Safery :
. Pete Davis - PMCSD - Operations Team
Joe Stang - PMCD - Environmental Compliance
Rich Newton - PMCD - Environmental Monitoring
. Nick Stamarakis - PMCD - Quality Assurance
Craig Adams - General Physics - Procsss Contrals
. Lloyd Laycock - DCD - Environmental
Andy Garcia - DCD - Security

SERASEEEEER

The following persans (members, respondents, counsel) were absent: (Include dricf explanation of zach absence.) (See paras 5-2 and 5-8a, AR 15.6.)
None -

The (urvesnganng afficer) (board} finished gathenng/henring ovidence at 1700 an 13 May 2000
(Time) {Dare)
a0d completed findings and 1 daucns at 1200 on 6 June 2400
(Time) {Dort)
SECTION IR - CHECXLUIST FOR PROCEEDINGS /'
A. COMPLETE IN ALL CASES YES |NOYNA

1 | Inclosures (para 313, AR 15-6)

Are the followiny inclosed and mambered coasecunvely with Romao aumenus: {(Attached in order linted)
a The leaer of appoumnent ot 2 Summrury of oral Appoiniment dam? e
b. Capy of notce o respondent, if any? (See irem 9. betow)

Other correspondence with respandent or counsel, if amy?

Privacy Act Snemenes (Certificate, if siatemant provided oraily)?

c.
d All other whinen comomnaxations 10 of ffom e appomong wthoray?
€.
L

Explapapon by the investipating officer or board of amy urmususl delays, difficulties. oregulannes, oc odwr problemt
eocounrered fe.g., absence of maerial wimessey)?

X X [XPK|X]|<E

2. Informarson as (o sessians of a formal boand oot inchuded op page § of this repert?

k. Apy other sigmuficant papers (odher Man evidence) relating 1 admuyrative 2spects of the Wrestgaton or board? X |

FOOTNOTES: U Explain oll scgasve answers on an aitmched shcet.
T Use of ihe N4 column consivuler @ porigve reps thar the dre dexcrehed it ke gmexnion dis! mof ocewr (B Hhir inves pERion
or bourd.

DA FORM 1574, MAR 83 £DITION OF MOV 77 15 OBSOLETE. Pope L of 4 pages ALt ]



2 | Extubnty (para 516, AR 13-6)

NOY

NAY

a. Arc ull iwsms offered  (wihether or Aof recerved) or conadered a4 evadence individually membered or lezerod 13
cahibitt and amached to this report?

b. Is an mdex of all exhiirs offered to or considered by investigatng officer or board attached before te frst cahubis?

c. Has the testimony/sasmnent of cach witbess been recorded verbatm or bezn redoced to writhen form and afachad as
a5 exhibie?

d. Are copies, doacripriona, or depactions (ff mbmed Jor real or documentary evidence) property nnbenticated xxd is
the location of e origiml evadence indicared

n

. Afc deserptions or diagrams mcluded of Ioeumns visited by the investigating officer or boawd (perw 3.6, AR 15.6)7

X| X

-

I3 each writen supulabon aftached a3 an exhibit and is each ofat shpulation either reduced © writimg and mede an
exhibit or recorded m & vexbtio record?

. U official pote of amy toager wat tken over the abjection of & recpandent or cqunsel, is 2 sGlement of the Ttter
of wihich official notice was aken smached a8 mexlyhit (para 3-16d, AR 15-6)?

-

Was 2 quorum present when the board vored oo findings 2nd recommendations (paras 4-f and 5.15. AR 15.6)7 P

. COMPLETE ONLY FOR FORMAL BOARD PROCEEDINGS (Chapter 5, AR 13-6) 2

Al the inizal scssion, did the reconder fead, or deicnming thar all parterpants bad read, the lener of appointmens (para §-7b, AR 15-6]?

Was & quoram present at every session of the board {para 5-2b. AR 15-6)7

Was each absence of any member property excused (paru J-2a, AR [5-6)7

Were members, witneses, reporiey, and imerprokr sworn, if required (parg J-1, AR 15-6)?

o wla]un]alw]|w

If any members who voted on findings or recommendations wert oot present when the board received some evidence,
does the inclasure describe bow they familiarized themselves with that evidence (para 5-2d, AR 15-6i?

. COMPLETE ONLY [F RESPONDENT WAS DESIGNATED (Section I, Chaprer 5. AR 15-6)

2in

Notice to respondaus {para 5-5, AR 13-6):

a. s the method and date of delivery w the respondemnt indicawed on cack Jeter of noaficatan?

b, Wat the date of delivery at lcast five wariung days prior (o the fitst seysion of the baard?

¢. Docs each letter of noofication indicae ~

(1)  the date, hour, and place of the firm session of the board concermung that respandent)

(2)  the mamer to be uvestigated, including cpecific alleganons agtint the respopdem, if any?

(3) e respoodene’s rights wich regard m coansel?

(4) e pame and addresy of each wimets expected 10 be called by the recarder?

(5) the respondent’s nghts to be presem, preseat evidence. and call witwcsscs?

d. Was the respondent provided a copy of all unclassified documents i the case [ile?

c. If thare were melevant clatsified oxiemis, were the respoosders o bis coasgel given accen and an opportoRity 1 examine them?

10 If amy respondent was deyigraed afier the procesdings began (o atherwire war gbsou during part of ike proceedings);

a Was he propetly noufied (para 5-5, AR 15-6)7

b, Way record of proceedings and evidence received in s absence made avaiabie for examimition by him aod his counse) wani-dc.MJHy_

11| Counsel (para 5-6, AR 15-6): L
a. Was each respondent represented by counsel? /'J_
Name and busmess address of counsel; P

(If counsel 13 a lawyer. check here (] )

b. Way rexpondent’s counsel present at 2ll open 133N of the bowrd rlanng to tat respondent?

¢. If military counse! was requested bur oot made available, is 2 copy for, f oral, a sammary) of the request and [he
actton aken on it inchuded in ¢ie repurt (para 5-6b, AR 15-6)7

12 | If t respandest challenged the legal advisor or aoy vedng member for lack of impartialry (para 5-7, AR [5-6):

4. Was the challenge properly denied and by the spproprate afficer?

5. Did each member sucexssfully chatleaged cease to parncipar i the procesdings?

13| Was the respondent given 1o opportunity © pura J-8a, AR [5-6):

a. Be presene with his counsel a1 all apen sewsiens of the board which dexl wich arry mueer which concerns that respondent?

b. Exagune and object © the introduction of real 10d documentary evidence, including wrincn smiements?

& Object to the testimogy of Wwiiriesses and cross-&xamine wimesses other than bis own?

4. Call witesses and ctherwise infroduce cvidexe?

e. Testify a8 2 witness?

/£ Make or have his counsel make a fimal smtconent or argument (pare 5-9, AR 15-6)7

14| If requested, did the recorder assint the respondent i obtasing evadence 10 poasessyon of the Goverrmment and
armanging for the presence of wimssscs (para 5-85, AR 13-6)?

15| Are all of the respotdent’s requests 3od abjertions which were desied indicared in the report of proceedings or in an
mclossrs or exhibit o . (para 5-11, AR 15-6)?

FOOTNOTES: U Explain all epefive onTwers om ar aached sheel

¥ Uu q’m N/A colmn Constiuies & potdive rpreseaiadon (Aer ihe drcummances deccribud in the yaeiiion dad RO OCOT in thix iXveSiganion l

Page 2 of ¢ pages, DA Form 1574, Mar 83 v
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SECTION [V - FIRDINGS (para 3-10. AR 15-6)
The (investigating officer} (board), baving carefully considesed the evidence, finds:
Sec Atached Narratve, consistng of 31_pages. Findings are interspersed with Recommendations. See below.

SECTI0A V - RECOMMENDATIONS (para J-J!. AR 15-6)

In view of the above findings, the (investigasing officer) (board) recommends:
See Findings and Recommendations, consisting of _7__ pages.

Page § of 4 pages, DA Form 1574, Mar 83 ueAND



3ECTION V1 - AUTHENTICATION (para j-17, AR 13-6)

THIS REPORT OF PROCEEDINGS IS COMPLETE AND ACCURATE. (If any voting mcmber or the recorder fails fo sign here or in Section VII
below, indicale the reason in the space where his signature should appear.)

CW3 Convers COL Kevin Connors
{Recorder) {Tnvesngaung Officer} (Presidens)
(M ermber) (Mdemberj
(Mdember) [(Member) L
SECTIUN VN - MINORITY REPORT (para 3-13, AR 15-6) ;
To the extent indicated int Inclosuce , the undersigned do(es) not concur in the findings and recommendations of the board.

{In the inclosure, wenzify by number cach finding and/cr recommendation in which the dissenting member(s) dofes) rot concur, State the
reasons for disagreement. Additional/substitie findings and/or recommendations may be included in the inclosure.)

(Member) Member)

SECTION VUI - ACTIOR BY APPOINTING AUTHORITY /para 2-3, AR 15-6)

The findings and recommendations of the (invesngaring officer} (board) arc (approved) (disapproved) {approved with following exceptions/
substinutions). (If the appointing wuthority renuns the proceedings o the investigating officer or board for further proceedings or

torrective action, attoch that correspondence (or a sunmary, if oral) as a numbered inclosure ) -

Page 4 of 4 poges, DA Farm 1374, Mar 83 BRI
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DEPARTMENT OF THE ARMY
UNITED STAYTES AAmMy 3AFCTT CENTER
FORYT RUCHER, AL ABAMA IS182-5)4)

CSSC-JA 19 un CO

MEMORANDUM FOR RECORD

SUBJECT: Legal Review of the Investigation into the 8 May 2000 Common Stack Release at
Tooele Chemical Agent Disposal Facility

1. I have reviewed the subject report and determined that it complies with requirements of AR,
15-6. Sufficient evidence exists to support the findings by a preponderance of the evidence. The
recommendations are consistent with the findings.

2. I note one error or omission but find that it is harmless. AR 15-6, para. 3-7.c(3) states that
direct testimony of witnesses is preferabie. The report does not have direct testimony through
sworn statements or transcripts. Rather, it has Exhibit M, a compilation of the evidence provided
by multiple witnesses. It daes not attribute any particular statsment 1o any particular witness.
Since AR 15-6 permits the investigating officer to consider previous staterents on factual isshes,
COL Connors was in his authority to caprure the factual information parnered from the TOCDF
cmployees and use it in the preparation of his report. Since the information gamered from
TOCDF employecs was obtained under the provisions of AR 38540 promises of confidentiality,
he did not include direct testimony in the report. This omission did not denigrate the sufficiency
of the evidence to support the findings and recommendations.

3. No appointmenti order was prepared but a summary of the appointment instructions is provided
in the 5§ Jun 00 MFR contained in the report.

4. PQC is the undersigned, DSN 558-2024.

Slbice

CYNTHIA A. GLEISBERG
LTC, JA
Command Judge Advocate

Readiness Through Safety.
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INFORMAL 15-6 INVESTIGATION OF THE TOCDF
COMMON STACK RELEASE,
8-9 MAY 2000

[. NARRATIVE

A. Background. The use of chemical weapons in World War I and the subsequent
buildup of these chemical stockpiles by potentially hostile nations prompted the United
States (U.S.) to develop and maintain its own chemical stockpile deterrent. In 1975, the
U.S. ratified the 1925 Geneva Protocol, which prohibits the use of chemical weapons.
Several nations, to include the United States, ratified the Treaty with a reservation that
allowed retaliation in response to chemical use. Since U.S. ratification in 1975, the U.S.
has continued to work for an international ban on manufacturing, stockpiling or using
chemical weapons.

In 1985, Congress passed Public Law 99-145 initiating the Chemical Stockpile Disposal
Program (CSDP) to eliminate the unitary chemical stockpile, starting with an emphasts
on disposal ot M35 rockats. a particularly hazardous munition. The program was
expanded to treat the entire stockpile and led to the development of the current baseline
incinerarion system. [n 1992, after serting several intermediate goals and dates, Congress
enacted Public Law 102-484 directing the Army to dispose of the entire unitary chemical
warfare agent and munitions stockpile by 31 December 2004.

B. Facility Description. The Tooele Chemical Agent Disposal Facility (TOCDF) is
located on Deseret Chemical Depot (DCD) (EXHIBIT F) in Tooele, Utah. The facility is
designed to dispose of 44.5 percent of the nation’s original stockpile of chemical
weapons. TOCDF is the first chemical weapons disposal facility built within the
continental U.S.

TOCDF incorporates svstems originally tested and used at the Chemical Agent Munitions
Disposal Sysiem (CAMDS), also located at the depot. These systems were first used on
an industrial scale at the Army's Johnston Atoll Chemical Agent Disposal System
(JACADS) in the Pacific Ocean. JACADS was the first integrated facility built to
dispose of chemical weapons.

The contract to build and operate TOCDF was awarded to EG&G Defense Matenals,
Inc., of Wellesley, Massachusetts. Construction of the plant began in October 1989
under a subcontract to Morrison-Knudsen of Boise, Idaho. Disposal operations by
EG&G. began in August 1996. Operations at TOCDF are scheduled to be completed in
the year 2004. At that ume, federal law requires the facility 1o be closed.

The facility staff and government personnel equal more than 700 employees during
operations. Prior to working at the facility, operators undergo extensive specialized
training at the Army’s Chemical Demilitarization Training Facility (CDTF) at Aberdeen
Proving Ground, Maryland. This training ensures that all workers have the skills and
knowledge to safely operate and maintain the facility.



C. Event History.

Note:Various exhubits apply to the Event History. It is not always possible to associate a
give statement with one exhibit. When an exhibit is directly referred to, it will be noted.

}. Pre Accident. The TOCDF was processing energetic M360 projectiles. non-
energetic M360 projectiles, M36 warheads and M35 rockets. All of these munitions are
GB filled. Due to a scheduled maintenance outage on the Liquid Incinerator (LIC) #2
and the Metal Parts Furnace (MPF), the facility had stopped the processing of all
munttion types except the M36 warheads. The facility had two of the four furnaces in
operation. The Deactivation Furnace System (DFS) was processing the M56 warheads
and the LIC # | was processing Spent Decontamination Solution (SDS). All other
svstemns were operational and the taeility was within the Limiting Coaditions of
Operation (LCO).

On 8 May 2000. C team. working the day shift, was processing M36 warheads in the
DES and SDS in LIC #1. Towards the end of the shift (at approximately {600 hours) the
lower tipping valve on the DFS was “sticking.” (EXHIBIT A M) Processing was
stopped to inspect and determine the cause of the problem. At approximately 1800 hours,
A team relleved C team and the problem with the lower upping vaive was briefed 10 the
oncoming shift. The A team DFS Conurol Room Operator (CRO) obtained a briefing on
the DFS sratus and assumed control of the DFS. The DFS chute sprays were on at the
ume of the operator change.

An enty nto the Explosive Containment Room (ECR) B was prepared to perform a
water wash down of the DFS fzed chute to correct the sticking lower tipping vaive. The
non-normal procedure used to pertorm the warter wash down was brieted during the pre-
entry meeting. The Entry CRO attended this meeting and handead a copv of the procedure
to the DES CRO.

The two-man entry into ECR B was pertormed in Demilitarization Protective Ensemble
(DPE) level of dress. The entrv was being controiled by the Entry CRO. The entrants
entered the ECR at approximately 2010 hours and removed the protective shroud around
the upper feed gate. The entrants then egressed the ECR. The DFS CRO established a
negative pressure in the kiln in accordance with the Non-Normal Operatng Procedure
(NNOP) DFS-011-01. (EXHIBIT H) A NNOP is prepared at TOCDF to document the
procedural steps, safety, environmental and special equipment requirements for
operations and jobs that are performed on a one time or inirequent basis. The DFS CRO
opened the upper feed gate and the lower tipping valve. The entrants reentered the ECR
to inspect the lower tipping valve. At this time, the material causing the [ower tipping
valve to stick had already been dislodged. The entrants reported seeing the glow of
burning embers at the bottom of the feed chute. The area around the lower tipping valve
did, however, have some buildup of moist fiberglass and other powdery matenal. The
entrants prepared to use the water lance to “power-wash" the debris. The hose failed due
to a malfunctioning ball valve on the water line to the lance. The entrants egressed the
ECR and the DFS CRO closed the lower tipping valve. The entrants replaced the ball
valve to the water lance.



The DFS CRO reopened the lower tipping vaive and the entrants returned to the ECR.
The entrants atternpted 1o use the droplight in the ECR to get a better view of the area to
be cleaned. The droplight did not work. The entrants egressed the ECR and the DFS
CRO closed the lower tipping valve. The entrants retrieved a droplight and the DFS
CRO reopened the lower tipping valve and the entrants returned to the ECR. The
entrants attempted to start the water to the lance and a hose clamp failed. The DFS CRO
closed the lower tipping valve while the entrants obtained a spare and replaced the hose

clamp. The DFS CRO reopened the lower tipping valve and the eatrants returned to the
ECR.

The entrants cleaned the debris from around the tipping valve using the water lance under
the guidance of NNOP DFS-011-01. One entrant estimated that about 20 gallons of
water was used. The entrants then performed a clean out of the Agent Quantification
System (AQS) stramer and placed the strainer sock on the upper feed gate. The used
sock contained about one pound of agent-contaminated fiberglass fragments. The
entrants replaced the satety shroud around the upper feed gate and egressed the ECR B at
2141 hours.

During the entry into ECR B. the DFS CRO was anempting to maintain the DFS kiln at -~
L.37 Water Column (WC). The DFS feed chute spravs were also being used o reduce the
temperature in the feed chute while entrants were in the ECR. The DFS kiln pressure
controller, PIC-018, was set to maintain ~1.5” WC as per the NNOP. The DFS CRO was
receiving kiln low pressure alarms during the cycling of the upper reed gate and the lower
tipping valve. The operator took manual control of the pressure controiler and then
retumed the pressure controiler to automatic to clear the kiln low pressure alarms. The
DFS Afterburner (AFB) high flow alarm was also cycling due to the vartations in the
pressure and flue gas tlow through the system. The DFS CRO anempted to stabilize the
furnace pressure and flow through the use of the kiln pressure controlier. PIC-018. The
DFS CRO also noted a high current draw to the Induced Drart {1D) fans and attempred to
stabilize the current by taking manual control of the kiln pressurz controtlzr and reducing
the setpoint. Tne DFS CRO recaived and acknowledged 2 ventuni scrubber high
differential pressure alarm. The entrants exited the ECR and the DFS operator returmed
the kiln pressure controller 1o a setpoint of -0.3” WC. The DFS CRO then attempred to
clear the venturt scrubber high differential pressure alarm by placing the venwn plug
valve in manual.

During this time frame (2010 - 2138 hours), the kiin pressure was maintained
consistently between -0.30" WC and —1.60" WC and the AFB pressure was maintained
between -2.3" WC and -3.4” WC. System flow, pressure. and temperature responded to
the opening and closing of the tipping valve and to the water wash-down of the DFS feed

chute. (EXHIBIT P)
The DFS CRO attempted 10 control the system pressures and flows through the use of the
venturi plug valve and the kiln pressure controlier. The DFS CRO used the kiln pressure

controller to clear the kila low pressure alarm and the venturt piug valve to reduce the

3



high differential pressure across the venwun. The DFS CRO was able to clear the kiln
low pressure alarm and began to open the venturi plug valve to reduce the high
differential pressure and clear the alarm. The DFS CRO opened the venturi plug valve to
100%. The ventun plug vaive operates at 60% under normal flow conditions.

The kiln and AFB pressure responded to the manipulations of the venturi scrubber
differential pressure controller. The kiln pressure was controlled between —0.76” WC
and —1.49" WC. The AFB pressure was maintained between —3.03" WC and -4.98” WC.

The DFS CRO received a scrubber tower packed bed tow level alarm and opened the
make-up valve to the packed bed in manual mode. The DFS CRO was able to clear the
low level alarm. Then the DFS CRO received a flue gas flow meter alarm. This alarm
caused a shutdown ot the DFS kiln bumer and AFB. The DES CRO was being assisted
by the Entry CRO and the acting Control Room Supervisor (SCRO). At the time of the
flue gas flow meter fatlure and the subsequent burner lockouts, the kiln pressure
controller was set to manual and the venruri scrubber differential pressure controller was
operating in manual with a Control Variable (CV) of about 100%. The pressures were
already trending to a more negative pressure. When the lockout occurred (at 2202 hours)
both the AFB and kiln pressures immediately became more negative. The kiln and AFB
pressures were indicaung -2.00" WC and —6.00" WC, respecuvely, which is the [owest
value the instrumerts are capable of recording. The Programmable Logic Controller
(PLC) started a purge ot the DFS AFB to allow a relight of the DES AFB.
Instrumentation Technicians (1T) began to troubleshcor the flue gas flow meter failure.
During the purge of the DES kiln and AFB, the flue gas tlow meter was operating
erratically. Also during the purge. the control svstem ramped open the combustion air
tlow control valves for the two AFB bumers and the kiin burner. The control system also
ramped open the kiln shroud air dampers. When this happened, the kiln pressure returned
10 -0.93" WC and the AFB pressure retumed 10 -2.02” WC. The DFS CRO attempted to
adjust the combustion air riows to both the kiln and the AFB. At this pornt. the CRO had
raken manuai coatre! of the combustion air flow control valves tor all three burners and
reduced the CV to 10%. This was done to prevent cooting down the AFB while the
Control Room (CON) was troubleshooting the tailure of the flue gas flow meter.
However, the venturi plug valve was still in manual with a CV of 100% and the kiln
pressure controller was in manual with a CV of 20%. This configuration caused the kiln
and AFB pressures o become excessively negative. The AFB pressure indicated ~6.0™
WC from 2205 untit 2229 hours. The kiln pressure indicated between ~1.46” WC and -
2.007 WC during the same time trame.

At 2226 hours, the SCRO directed the DFS CRO to initiate a purge of the DFS and
attempt to light at least one burner in the DFS AFB. The DFS CRO increased
combustion air flow to the AFB in an attempt to purge the DFS. By 2248 hours, the
SCRO made the decision 1o stop trying to purge the DFS due to continued intermittent
failure of the flue gas flow meter. As of 2249 hours, the CRQ had taken manual control
of the combustion air flow controllers for all three burners and reduced the CV 10 25%.
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This was done to prevent cooling down the AFB while the CON was troubleshooting the
failure of the flue gas flow meter. However, due to high system flue gas flow, the ventuni
scrubber differential pressure controller was operating with a CV of 100% even though it
was set to automatic control. The kiln pressure controller was in manual with a CV of
15%. This configuration caused the kiln and AFB pressures to become excessively
negative, The AFB pressure indicated -6.0 “WC from 2249 unul 2336 hours. The kiln
pressure indicated -2.00 "WC during the same time frame. The DFS kiln room pressure
is normally maintained at -0.85" WC by the ventilation svstem. From 2320 until 2334
hours. the DFS kiln room pressure indicated —2.00” WC. In each case, the pressures
became more negative than the instrumentation was calibrated to detect. Also dunng this
time, the ECR B Automatic Continuous Air Monitoring Svstem (ACAMS) readings
dropped from about 0.32 10 0.01 Maximum Permissible Limit (MPL). At 2318 hours,
the DFS CRO stopped the ciean liquor pump. This was done in an attempt to assist in
drving out the flue gas tlow meter.

2. Accident. At 2326 hours the two common stack ACAMS unuts initially alarmed at
0.67 and 1.37 Allowabie Stack Concentration (ASC), peaking at 3.64 and 5.59 ASC.
Approximately 14 migutes later the DFS duct ACAMS alarmed at 1.45 ASC and the
acting SCRO directed a bottle up of the DFS. The acting SCRO was informed that the
Depot Area Air Moattoring System (DAAMS) wbes for the common stack and the DES
duct confirmed the presence of GB chemicai agent. By 0023 the {lue gas flow meter had
been jumpered by the ITs and was now functioning. The acting SCRO directed the DFS
CRO w0 attempt a second relight of the DFS AFB. The DFS AFB completed its purge
and a relight was initiated. During the relight, the common stack and DFS duct ACAMS
alarmed again. The acting SCRO directed a bottle up of the furnace.

The Army’s downwind hazard prediction modeling program {D2PC) uses agent source
level. ambient weather. and type of release 1o calculate conservative, safe-sided distances
that the agent would expect to travel in hazardous levels. This hazard prediction
sottware, which was used by DCD's emergency operations centar personnel. sstimated
that the release itom the common stack on the night of 8 May 2000 would have traveled
less than eight feet from the stack. This represents the greatest distance at which a
dosage potentially hazardous to the general public (No Sigaificant Effects dosage) might
be found. (EXHIBIT E)

5. Post Accident. The DFS kiln remains bottled up. A group of outside operators
installed an isolation flange (o isolate the DFS AFB from the DFS kiln. The DFS AFB is
operating at hormal operating temperature. An entry was made into ECR B to remove
and decontaminate the AQS strainer sock that had been placed on the upper feed gate.
The LIC #1 is idle and up to temperature. The MPF and LIC #2 remain shut down for
scheduled maintenance. An M36 warhead remains on the Rocket Shear Machine (RSM)
conveyor in ECR B.
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II. ANALYSIS.

A. Mechanical Systems Analysis. During the operation to control the DFS pressure
and temperatures, the flue gas flow meter had become saturated by water giving a faise
low-low flow reading. The flue gas flow meter indicated that there was no flow through
the system. However, other system instrumentation verified that there was significant
flue gas flow through the DFS. This shut down the DFS and AFB, increasing the
problems with maintaining control of the system pressure and temperanire. At
approximately 2230 hours. a temporary change form. o allow engineering changes, was
written by the acting SCRO to jumper (bypass) the flue gas flow meter (EXHIBIT S).
Per Temporary Change Control Process for the Technical Baszline (Project Reguiatory
Procedure (PRP)-OP-009), tive signarures are required for the temporary change betore
the work can be performed. Some of those individuals are not on site during all shifts
On the night of the accident. initiation of the temporary change caused an approximarte
delay ot 45 minutes before the approval was obtained. During this period of ume.
intermittent flue gas tlow meter alarms delayved relight ot the AFB burner. Relight of the
AFB earlier in the event would have allowed the systems to be brought back to normal
operations. This could have reduced the possibility of GB reaching the stack.

. Bumner Management Svstem (BMS). The configuratnon ot the bumer management
system does not allow for a restart of the furnace without conducting a purge of the
system. The purge is required during normal startuing of the twmnace. During the
sequence ot events that led to the accident. the CRO had to purge the furnace tn an
attempt to relight the furnace. This purge allowed cold outside air to be drawn through
the furnace. which reduced the temperature of the kiln and AFB. The bumer
management svstemn had to complete the purge circuit. The purge circuit includes,
among other conditions. an eight minute timer and high air tlow rates as measured by the
fatled flue gas tlow meter. At the time of the event. the furmace was above 1400°F and
svstemn tlow was established. therefore there was no reason o purge the fumace prior to
initiating a restart. During the second restart attempt the humer management system
again required the fumace to complete the purge sequence. Tne BMS required purge of
the system. which introduced cold air into the DFS system. This allowed GB agent to
traverse through the system without complete destrucnon.

2. Flue Gas Flow Metar. At 2202 hours, § May 2000, the DFS flue gas {low meter
failed. This meter is tied directly to the BMS for the DFS Sysiem. When the flue gas
tflow meter failed. the BMS locked out the kilr burner and both of the AFB burners.

After some initial troubleshooting of the flue gas flow meter. the DEFS CRO initiated a
system purge at 2226 hours. The DFS CRO was trying to lighe at Jeast one AFB burner
in order to maintain AFB chamber temperature above 1400°F. This temperature ensures
complete destruction of combustible materials. The tlue gas flow meter failed again
during the system purge. This prohibited the DFS CRO from lighting any burners. By
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2232 hours DFS AFB temperature had decreased 10 below 1300°F, the temperature
required to relight the kiln burner.

Even though the CON was operating under the assumption that the kila did not contain
any chemical agent and, therefore, did not present any potential for release, they may
have constdered bottling up the DFS and isolating the DFS AFB from the kiln. The
current method of isolating the DFS AFB from the kiln is for a team of outside operators
to manually install a blind flange in the duct upsiream of the DFS cyclone. Air is then
allowed to flow to the DEFS AFB from the bottom of the cvclone to make up for the lack
of flow trom the kiln. This is a very labor-intensive. time-consuming, and potentially
hazardous operation. [fthe DFS AFB could have been isolated from the kiln remotely by
the DFS CRO in the CON in a nmely manner, then it is probable that the DFS CRO
would have done so. [fthe DFS AFB had been isolated from the kiln during the attempts
to troubleshoot the flue gas low meter and relight one burner in the DFS AFB, there
waould have been no release of chemical agent from the comunen stack.

At the time of the tlue gas tlow meter tatlure and the subsequent burner lockouts, the kiln
pressure controller was set 10 manual. The venturi scrubber differential pressure
controller was also operating in manual with a CV of about 100%. The pressures were
already trending toward a more negative pressure. When the lockout occurred. both the
AFB and kiln pressures almost immediately became more nezative than the pressure
instrumentation is calibrated to detect. By 2202 hours the kiln and AFB pressures were
indicating ~2.00" WC and -6.00" WC, respectively.

Cn | Januarv 2000, EG&G Maintenance Work Order #00-0000061 (EXHIBIT T) was
written to investigate the cause of the malfunction and latrching of flue gas flow meter
low flow alarms. which had caused a bumer tockout. Comments on this work order
indtcated that the malfunction was caused by moisturs on the flow element probes. The
maltunicton cleared arer tlow through the system dried the probes.

According 10 EG&G Occurrence Report No: 00430-C1 (Drar) (EXHIBIT R), the DFS
flue gas tlow meter tailed during the DFS upset on 30 Apnl 2000. The taiiure of the tlue
gas flow meter locked out the AFB bumers and compounded the system upset. The
report notes that the failure of the flue gas flow meter may have been caused by exposure
to liquid during a period ot high flow rates through the system.

At 2139 hours on & Mav 2000. the DFS CRO introduced make-up water to the DES
scrubber tower packed bed by opening the process warter make-up valve in response to a
low level alarm. At 2200 hours, the flue gas flow meter indicated a failure and generated
a malfunction aiarm. (EXHIBIT P)

The data indicate that the abnormally high flue gas flow through the system caused some
carryover of the make-up water that was being introduced to the packed bed. This
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carryover caused the flow elements in the flue gas flow meter to become saturated with
liquid. The flow transmitter signaled a “trouble” alarm but was able 1o function for
another 22 seconds. At 2230 hours, [Ts indicated that the flue gas flow meter had been
saturated with liquid and that it would not operate properly until it had time to dry.

{f the flue gas flow meter had not been exposed to excessive amounts of liquid it would
not have failed. [f the flue gas flow meter had not fatled, the DFS CRO would have been
able to stabilize DFS flows and pressures. It is probable that the DFS CRO would have
been able to return the DFES to its normal operating parameters and been able to process
the contaminated AQS strainer sock sarely. The investigation concluded that if the flue
cas flow meter had not tailed. there would have been no release of chemical agent from
the common stack.

3. Programmable Logic Controller (PLC)Y Response 1o Loss of DES Purge. The DES
BMS contains a umer unit and control circuitry that monitors the status of the DFS purge.
When all of the DES purge conditions are met. the umer unit begins to time out. Dunng
this time the system 1s said to be purging. Once the preset value of the umer 1s met, the
system is said to be purged (i.e.. DFS purge is complete). An indication that the system
is purging and an indication that the svstem purge is complete are input into the PLC
svstem that monitors and controls the DFS.

When flue gas flow meter tailed, the BMS conrrol circuitry de-enargized the system

purge timer unit. The indication that the purge was complete was no longer sent (o the
PLC that controis the DFS.

The DFS control sofrware is currently designed 1o automatically purge the DES system
any time that the purge complete signal from the BMS is de-energized and the Pollution
Abatement Svstem (PAS) [D fans and DFS combustion air blowers are operating. To
establish system purge. the PLC automaticallv increases the CV for the following
conwrollers 1% CV per second to 1049,

16-HIC-016 ~ Kiln Shroud Air

16-HIC-017 - Kiln Shroud Air

16-FIC-021 — Kiln Combustion Ailr
16-FIC-078 — AFB Burner #! Combustion Alr
16-FIC-079 - AFB Bumer #2 Combustion Alr

At 2204 hours. the DFS CRO had 1o take manual conirol of the combustion air flow
control valves tor all three bumers and reduced the CV to 10%. This was done to prevent
cooling down the AFB while the CON was troubleshooting the failure of the flue gas
flow meter.

On the night of the accident, the automatic purge by the DFS PLC had several negative
affects on the response to the DFS system upset. [t introduced a large amount of cool air
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into the system, causing a rapid cooling of the kiln and AFB chambers. This situation
distracted the DFS CRO from performing other recovery procedures. The sudden
increase and subsequent decrease of large amounts of cold air flowing into the system
compounded the DFS pressure control difficulties that already existed.

The investigation concluded that the automatic system response 10 detecting the loss of

the signal that svstem purge ts complete Contributed to the difficulties during the recovery
response to the DFS upset.

4. Afterburner Temperature Controller Response to Loss of Purge. The AFB
temperature conuoller controls the firing rate of both of the AFB burners. When the
system i3 operaung automatically under normal conditions, the AFB temperature
controller CV is used to controi the fuel gas flow to each of the AFB burners.

When the AFB temperature controller is operating automatically, it compares the
measured AFB temperature to the controiler set point. [f the AFB temperature is below
the set point. the AFB temperature coneroiler CV increases, thereby increasing the fuel
gas tlow rate to both bumers. (f the AFB temperature is above the set point, the AFB
temperature controller CV decreases, thereby decreasing the tuel gas flow rate to both
purmers.

[n the current design ot the DFS PLC control software. the AFB temgperature controtler
will operate in this fashion any time after either burner has been lit for more than thirty
muinutes or if the AFB chamber temperarure is above 300°F. ‘When the AFB bumers trip,
the temperature in the chamber decreases substantiativ, but not bejow 300°F. The AFB
temperature controller automatically responds to the decrease in temperature by
increasing the AFB temperature controller CV to 100%. [fan AFB burmer s relit when
the AFB temperature controller CV is 100%. the bumer fuei gas tlow conirol valve
would be controlled to the tully open position. This would cause an excessive amount of
fuel gas to be introduced to the system. This rapid introducticn of fuel gas to the bumer
may cause the burner 10 be shut down again. Theretore. DFS operators ars trained to take
manual control ot the AFB temperature controller CV under upset conditions.

‘Vhen the burners locked out. the temperature in the AFB chamber decreased rapidly;
theretore. the AFB temperarure controller CV increased o 100%. At 2203 hours. the
DFS CRO placed the AFB temperature controller in manual and reduced the CV from
100% to 10%. The automatic response of the control system distracted the DFS CRO
from performing other recovery procedures. The investigation concluded that if the DFS
CRO had allowed the automatic response to continue. the AFB temperature controller
would have conuibuted to the DFS upser.



B. Operations/Procedures Analysis

{. Environmental Compliance. On 8 May 2000 at 2326 hours, ACAMS 701C alarmed
in the common stack and peaked at 3.64 ASC. Also at 2327 hours, ACAMS 7014
alarmed and peaked at 3.39 ASC. Both ACAMS readings were confirmed by DAAMS.
This is a non-compliance with the TOCDF Resource Conservation Recovery Act
{RCRA) Permit. Module 3. Condiuon V.C.2.F. The facility is required under TOCDF
RCRA Permit. Module 3. Condition 1.U., and Condition 1.U.1.d., to notify the State of
Utah within 24 hours of a common stack agent release above | ASC. Proper notification
was made. Additionally, TOCDF RCRA Permit, Module 1. Condition 1.U.5.b. requires
written confirmation of the 24-hour notification within five days of the initial
notification. This was accomplished on 1 May 2000.

2. Non-Normmal Operating Procedures (NNOPs). WNNOPs are used, in accordance with
PRP specifically, Non-Nomal Development, Revision and Deletion. PRP-MG-010
{ EXHIBIT ), for nonrecuming activities. The PRP, paragraph 6.5.2. requires that a
NNOP be converted to a Standing Operating Procedure {SOP) if it is to be used
repeutivety. Thnis statement 1s not definitive enough to effectively control the process.,
howaver: chute cleanouts have occurred at least twice in the previous three months. The
intent of the NNOP process has been described as a largely informal method to handle
short-fuse situations like test programs.

Cleanout of the DFS feed chute trom ECR B. 8 May 2000, was being conducted using
NNOP. DFS-011-01 (EXHIBIT Hy. PRP-MG-010 indicates thar atter thirty days the
NP is automatically deleted unless an extension is granted. DFS-011-01 was
appreved 27 Apnl 2000, The tollowing comments apply specifically to DFS-011-01, the
NNOP which was tn use 8 Mayv 2000:

fa) The checklist precedure instructs the CON Engineer o clear interlocks to allow
‘e upper feed gate and the ECR door to be open at the same ume. However. it does not
include any instruction to overtide the interlock which prevents the lower tipping valve
and the upper reed gate trom being open simuitaneousty. [n fact. the artached saftety
evaluation notes as a recommended mitigating action (5.2) that the lower tipping valve
remain closed when personnel are in the ECR. Interview statements were made that
glowing materiaj was seen below the transition section, and the entry was being made in
order to clear a [ower tipping valve that was stuck open. This indicated that both gates
musi have been open simuitaneously when peopie were in the ECR.

(b) The checklist procedure ts not alwavs clear about who is to perform a given
task. As an example: Step 7 says, “CONNECT the hose and lance to a Process Water
line.” This must be accomplished by the entrants to the room. Step 9 says, “CLOSE the
slide gate (MMS-GATE-103) and CYCLE the tipping gate (DFS-GATE-101)." This
must be accomplished by the CON operator.
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(c) All references in the checklist procedure are to ECR A and tag numbers for
equipment items 1n ECR A, but the entry was to ECR B.

(d) The checklist procedure does not describe where the process water line to be
tapped is located. [t does not mention the ball valve, where the hose is connected to a
process water line, which the entrants had to replace on this entry. The statement at Step
3, “Entrants must comply with the appropriate SOPs” lacks sufficient information to be
meaningful. An SOP which would have been appropriate is TE-SOP-109, “Toxic MDB
Entnies.”

(e) The satety evaluation attached to the DFS-011-01 is not specific to this revision
of the checklist procedure. The safety evaluation notes potential hazards associated with
inspection by Closed Circuit Television (CCTV) at procedure steps 6 and 13. DFS-011-
0l does not include steps tor inspection with CCTV.

(f) PRP-MG-010. paragraph 5.5. states that Safety will pertorm a safety hazards
analysis to assure all isks have been mutigated and appropniate warnings and cautions
included. Although the safety evaluation attached to DFS-011-01 uses the form specified
in the PRP, it is not clear how the information presented accomplishes the goal set torth
by paragraph 3.3. Specitically. retther the risk before mitigation nor the residual nsk
after mitigation have bezn identified or assessed. This 1s usually done through the use ot
a Rusk Assessment Code (RACY, Use of RACs and an associated authority matnx
assures that the risk of performing the operation is accepted at the appropriate leveli.

(2) The saterv evaluation does not identify any hazards associated with chemical
agent. During the time of the first entry to ECR B by DPE-clad personnei of A Team on
8 May 2000. there was a significant amount of agent in the room atr. [t was stated that
since the NNOP was written for activities in ECR A, where agent levels are minimal
because of the operaticns which have teen performed ( fuze and burster removal from
GB-filled M360 projectiies). agent exposure was not an Issue.

(h) The satety evaluation idenrtifies hazards which are not usually assocrated with
“safety.,” These include a RCRA violation and a poor TV picture. For overall
management of an operation. it may be desirable to address these risks at the same time
and in the same format as the more rvpical “safety” risks. It isn't immediartely obvious.
however, how such items should be coded to assure comparable assessment of risk.

(i) The comuments of the safetv evaluation related to Step 2 of DFS-G11-01 make 1t
appear that a memo, Operations Management Memorandum (OMM)-00-03, provides
considerably more instruction than would appear to be the case based on Step 2 of the
checklist procedure. The potential hazard identified and the recommended action seem
unclear, as well, The potential hazard is that adjusting the set point of TIC-182 may
cause the Heated Discharge Conveyor (HDC) to lose temperature, resulting in a RCRA
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violation. The recommended action, however, is that adjusting this set point will cause
the Kiln temperature 10 increase, thereby avotding a RCRA violation. It appears that the

same action (adjusting the set point of TIC-182) both poses and mitigates the same
hazard.

(}) Both the checklist procedure and the safety evaluation appear to presume the
water lance will be operated by an tndividual standing above the feed gate. In fact, the
safery evaluation, Step 9 (which actually corresponds to Step 7 of the checklist
procedure. see item e, above) recommends that a water valve be connected directly to the
water lance 10 be opened and closed from inside the ECR. Based on observation of the
videotape documenting the entry on § May 2000, it appears the water flow was being
controlled from outside the ECR in the Upper Munitions Corridor (UMC).

(k) The entire instructions for the DFS operator with respect to controlling the
furnace during this operation are given in a single step. Step 2. of the NNOP, "REDUCE
the DES kiln pressure in accordance with OMM-00-03." However, there 15 no discussion
regarding how this is to be accomplished.

Army Regulation (AR) 333-61. Army Chemical Safery Program, paragraph 2-4.¢, dated
28 February 1997. requires that operating procedures specify the steps to be taken in
detail, and NNOP DES-011-01 does not specify, in detail. the steps to be taken by either
the DFS operator or the entrants to the ECR. Also of concern. the accuracy and validity
of the risk assessment depend very heavily on the procedure being assessed. [f the
procedure does not identify steps, which will be taken. specifies them incorrectly, or
assumes a very different operational environment than the one. which will actuaily be
encountered, the conclusions of a risk assessment based on that procedure will be invalid.

Department of the Armmy Pamphlet (DA Pam), Toxic Chemical 4gent Safery Standards,
paragraph 6.5 2. dated 31 March 1997, requires that nazards for operations invoelving
chemical agents be assigned a RAC. As notad above (paragraph ), the procedure for
preparation of sarery evaluations for NNOPs does not require or support the assignment
of RACs. As such. risk informaton provided to decision makers is limited. and since
residual risk is not identified. there is no guarantee it has been appropriately accepted.

TOCDF has an extensive and formal program for training, qualification, and certification
of personnel using SOPs. Operators must read, understand and compiy with SOP
contents. SOPs are validated before being implemented. No such programs exist for
NNOPs. The NNOP was reviewed during the DPE pre-eatry meeting. Others who did
not artend the pre-entry meeting (such as the DFS CRO) were handed the procedure
immediately before being directed to implement 1it.

3. Clean Liquor Pump Operations. The DFS kiln pressure is normally maintained at
-0.30" WC relative to the DFS kiln room. The DFS AFB pressure is normally
maintained at about -2.30” WC relative to atmosphere. By 2249 hours on 8 May 2000,
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the DFS upset had caused the kiln and AFB pressures to become excessively more
negative than the pressure instrumentation is calibrated to detect. The AFB pressure
indicated -6.0” WC from 2249 until 2336 hours. The kiln pressure indicated —2.00" WC
during the same time frame.

The kiln room pressure 1s normally maintained at —0.85" WC by the ventilation system.
During the time that the kiln pressure became very negative. the kiln room pressure also
decreased. By 2522 hours, the kiln room pressure indicator was indicating more negative
than the pressure instrumentation is calibrated to detect at —2.00” WC and remained at
~2.00" WC until about 2338 hours.

Also during this time. the ECR B ACAMS readings dropped from about 0.32 to 0.01
MVPL. This data indicaias that when the kiln pressure became excessively negative, agent
was drawn into the kiln from ECR B.

At 2518 hours, the DFS CRO manuaily stopped the operatng clean liquor pump in an
attempt to minimize the carrvover of liquid to the flue gas flow meter. The clean liquor
pump circulates high pH ctean liquor onto the pall nngs in the scrubber tower packed
bed. This is done to ensure that the DFS flue gases have an increased contact time with
the high pH clean liquor. When the clean liquor pump was stopped, the circulation ot
high pH clean liquor onto the pall rings stopped.

At 2326 hours, the common stack agent alarm (701C) activated. The PAS is designed o
remave acid gases tram incinerator exhaust and is not designed or intended to destroy
chemical agent: however. the alkalinity of the solution wiil react with GB, if present. [f
the clean liquor tlow had not besn stopped, the agent in the DFS flue gas would have had
increased contact time with the caustic in the clean liquor selution. The investigation
cencluded that if the clean liquor pump had remained running, the total amount of agent
released from the common stack would have been reduced.

+. High Velocitv of DES Flue Gas. Events that occurted during and after the
2xecution of a NIWOP to wash debris from the DFS lower upping vatve led to a sization
in which the DFS furnace pressure was excessively negative and the flue gas velocity was
excessively high. As discussed previously, agent was drawn into the kiln from ECR B.
The high flue gas velocity helped to cool the kiln and AFB chamber. By 2326 hours, the
xiln and AFB temperarures were 213°F and 1281°F, respectively. The thermal
destrucuon of agent is dependent on temperature and residence time. The chemical
neutralization of agent is dependent on pH and contact time. [n either methad, the high
velocity of the flue gases decreased the agent destruction efficiency. The investigatien
concluded that the high velocity of the flue gases contributed to the release of chemical
agent out of the common stack.

3. Excessive Water in the DFS Feed Chute. From 2123 10 2129 hours on 8 May 2000,
approximately 100 gailons of process water, derived from Process Data Acquisition and

_,.,
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Recording System (PDARS) data, was introduced to the DFS feed chute during the
execution of NNOP DFS 011-01 to wash debris from the DFS lower tipping valve. The
kiln exhaust temperature decreased from 1022°F to 837°F due to the water being
introduced and the cool room air being drawn tn through the open feed gates. From 2034
to 2129 hours, the burner temperarure increased from 1434°F to 1514°F in an attempt to
maintain kiln exhaust temperature. The AFB temperature controller was also responding
and increasing the bumer firing rate to recover temperature to the set point.

The burner response (o this addition of process water contributed to the DFS upset
because the burners introduced additional fuel gas and combustion air into the system 1o
maintain furnace temperarure. The investigation concluded that the water that was added
flashed to stearn when 1t entered the high temperature environment of the kiln. This rapid
generation of steam instantly upset the temperature/pressure relationship and contributed
1o the perturbations of the DFS pressures and flow rares.

6. DES Pressure Control. There are two variable controiled devices in the DFS PAS
that can be adjusted tc modulate the restriction of flue gas tlow through the DFS PAS.
The first device is the piug valve in the DFS PAS ventun scrubber. This device can be
raised into the venturt to restrict tlow or lowered out of the venturt to reduce the
impedance of flow. The second device is a variable damper located at the inlet of the
DFS PAS [D fan. This device can be modulated open to allow flow to the ID fan with
less differential pressure, or it can be modulated closed to restrict the flow of flue gas to
the ID fan.

The TOCDF control svstem uses Propoertional. [ntegral, and Dentvauve (PID) controllers
to modulate variable controlled devices. The PID controller compares the controiler Set
Point (SP) to the measured Process Variable (PV). If the SP and PV are equal, then the
CV remains unchanged. [Tthe SP and PV are not equal. the PID controller changes the
value of the CV 1o trv 10 get the PV to match the SP.

The PID controiler 24-PDIC-008 CV controls the position of the plug valve in the DES
PAS venturi scrubber. The PID controtiler. 15-PIC-013. controls the position of the
variable damper located at the inlet of the DES PAS (D fan.

The differential pressure across the venturi scrubber is controtled by 24-PDIC-008. If the
differential pressure 1s oo low {i.e., 20" WC) then hazardous waste feed to the DFS is
stopped because the removal efficiency of the venturi scrubber can no longer be assured.
When operating tn the automatic mode, 24-PDIC-008 monitors the differential pressure
across the venturi scrubber. [f the differential pressure (i.e., the PV} decreases below the
SP, 24-PDIC-008 CV decreases to modulate the plug valve into the venturi to restrict
tflow and increase differential pressure. [f the PV increases above the SP, 24-PDIC-008
CV increases to modulate the plug valve out of the venturi in order to decrease the
differential pressure. Typically, the 24-PDIC-008 SP is set o 30" WC.
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The pressure inside the DFS kiln is controtled by 16-PIC-018. If the kiln pressure is too
high (i.e., -0.1" WC) then hazardous waste feed to the DFS is stopped because there is
not enough negative pressure to assure that there is no leakage from the kiln into the kiln
room. When operating in the automatic mode, 16-PIC-018 monitors the pressure inside
the kiln. 1f the kiln pressure (i.e., the PV) decreases below the SP, 16-PIC-018 CV
decreases to modulate the [D fan inlet damper closed to restrict flow and therefore,
increase kiln pressure. [fthe PV increases above the SP, 16-P[C-018 CV increases to
modulate the [D fan inlet damper open to reduce the resistance 10 flow and therefore,
decrease kiln pressure. Typically, the 16-PIC-018 SP is set to -0.50"” WC.

Variable controlled devices typically operate most effectively when they are controlled
between 23% and 75% CV. Below 25% and above 73% usuallv indicates non-linear
system response.

From 2146 to 2150 hours. the DFS CRO gradually changed 24-PDIC-008 CV from 95%
to 65% in the manual mode. The DFS CRO then placed 2+-PDIC-008 in automatic
mode.

From 2150 to 2138 hours. the kiln pressure was maintained berwezsn —0.68" WC and
-1.49" WC. The AFB pressure was maintained berwezn 303" WC and —.98" WC.
Both chamber pressures were becoming more negative because 24-PDIC-008 CV was
increasing and [6-P[C-018 was in automatic but with a CV ot less than 23%.

At 2138 hours. the DFS CRO graduaily changed 24-PDIC-6G8 CV from 86% to 100% in
the manual mode (note that the controlier had increased the CV from 63% to0 86% In
about eight minutes because the differential pressure was above the SP).

From 2158 to 2202 hours. {just pricr to the failure ot the flue gas flow meter) the kiln
pressure was maintained between -1.607 WC and -2.00" W, The AFB pressure was
maintained between —-3.54" WC and -6.00”" WC. Both chambar pressures were
becoming more negative because 24-PDIC-008 CV was set at i00% and 16-PIC-018 was
in manual with a CV of less than 23%.

At 2202 hours on 8 May 2000. the DFS flue gas flow meter failed. This caused an
actuation of the "NEPA Loss of Systern Draft” alarm. This indication is tied directly to
the BMS for the DFS system. When the alarm activated, the BMS locked out the kiln
burner and both of the AFB burners.

At the time of the flue gas flow meter failure and the subsequent bumer lockouts. the kiln
pressure controtler was set to manual. The venturt scrubber differential pressure
controiler was operating in manual with a CV of about 100%. The pressures were
already trending to a more negative pressure. When the lockout occurred, both the AFB
and kiln pressures immediatelv became more negative than the pressure instrumentation
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is calibrated to detect. By 2203 hours, the kiln and AFB pressures were indicating —2.00"
WC and —6.00” WC, respectively.

At 2204 hours, the DFS CRO had to take manual control of the combustion air flow
control valves for all three bumers and reduced the CV to 10%. This was done to prevent

cooling down the AFB while the CON was troubleshooting the failure of the flue gas
tlow meter.

The DFS CRO was sull controlling 24-PDIC-008 in manua!l with a CV of 100% and 16-
PIC-018 was in manual with a CV of 20%. This configuration caused the kiln and AFB
pressures to become excessively negative. The AFB pressure indicated —6.0" WC from
2205 unat 2229 hours. The kiln pressure indicated between —1.46” WC and -2.00" WC
during the same time frame. The data indicate that when the kiln pressure became
excessively negauve, agent was drawn into the kiln from ECR B.

The investigation concluded that the inability of the DFS CRO to maintain DFS system
pressures adequateiy afier the execution of the NNOP DFS 011-01 to clean debris from

the DFS lower tipping valve was a contributing factor to the release ot chemical agent out
of the common stack.

7. Demilitanzation Protective Ensemble (DPE) Enurv. The DPE entry had been
clanned to accomplish two things: (1) The DFS feed chute was to be cleaned and (2.)
Preventive Maintenance (PM) for the RSM was to be accomplished. Although time did
not allow both tasks to be completed, the feed chute was cleaned and the stramner sock
(removable/disposabie filter bag) was changed. During the process to change our the
sock. an entrant’s airline was stretched above the upper feed gate. which was hot. This 1s
the upper teed gate for the DFS feed chute. but it is at floor level in the ECR. although
failure of the airline would not be expected to have immediate catastrophic results ior the
eatrant. the entrant’s breathing air supply would immediateiy oe limited to the 3-10
minute boitle on the DPE back pack. This bortle would provide more than suiticient air
for the entranc 1o hasuly egress through the nearest emergency exit.

8. Standing Overaring Procedure (SOP) Organization. The organization of SOPs can
make timely retrieval of information. especially under the adverse circumstances of a
olant upset, very difficult. To discover how to recover from an upset, an operator may be
required to tlip through pages 1o a section on Contingency Startup, only to be directed to
flip back through more pages to Normal Startup. This takes ume, which could more
profitably be spent recovering from the upset, as weil as adds to the general confusion of
an aiready confused situation. This added confusion and increased time prevents the
operator {rom reacting quickly to correct upset conditions.

The SOP for the DFS Fumace System Qperation (SOP-004) does not include procedures
for restart of the DFS AFB after a burner lockout. The procedure allows tor only two
options during an upset condition, (1) the bottle up of the DES or (2) pertorm an
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emergency shut down. The procedure does not outline the steps necessary to recover just
the DFS AFB and return the AFB to normal operation. The operator must restart the
fumace following the normal system start up. The SOP also lacks the detailed actions to
be taken if the expected cutcome is not achieved. [n contrast, the LIC SOPs allow for a
restart of the furnace after an upset condition. [fthe DFS SOP had contained detailed
procedures to restart the DFS furnace during the conditions experienced, this accident
would not have occurrted.

The CRO atternpted to use an uncontrolled copy of the BMS schematics to assist in the
trouble shooting of the tailed flue gas flow meter. The CROs routinely make copies of
the system schematics that affect the systems they are contolling. This practice is in
violation of PRP-DC-008 section 4.13. These uncontrolled coptes are located next to the
console for easy reference during operations. The schematics are not part of the
management system that ensures only controlied copies are in use. This allows the CRO
to use schematics that may not be current. The invesugation concluded that the use of
uncontrolled schematics is a dangerous practice,

9. Monitoning Data. The ACAMS and the DAAMS worked as they were supposed to.
aterting the workers at the TOCDF to the presence of the chemical agent. GB. The
ACAMS and DAAMS equipment functioned properly and personnel from the Laboratory
and Monitoring Branch responded with the appropriate action. A thorough analysis of
the ACAMS and DAAMS data was performed during this investigation. The analysis
veritied that the proper Laboratory Operating Procedure (LOP) was in use and was fully
adhered to. There were no problems with the calibration, data analysis, or reporting of the
results for either the ACAMS or the DAAMS. However. a mix up of the DAAMS
paperwork during the chemical event may have diverted resources in the TOCDF CON
for a period of approximately ten minutes.

The ACAMS involved in the eventare 701 A, 701B. 701C. and 702. ACAMS 701A, B.
and C are located near the top of the common stack and ACAMS 702 is located in the
duct coming from the DFS PAS going to the common stack. The DAAMS involved in
the event have the same dentifying alphanumeric code.

A time line of ACAMS alarms received during the event is presented below (NOTE:
Only the ume of initial alarm and the time the alarm cleared is presented in this
abbreviated timeline):

8 Mav 2000

2326 hours - ACAMS alarm sounded at 701C, 0.67 ASC
28 hours - ACAMS alarm sounded at 7014, 1.37 ASC
1 hours - ACAMS alarm sounded at 702, 1.45 ASC
31 hours - ACAMS alarm clears at 701.A

53 hours - ACAMS alarm clears at 701C

o
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9 Mav 2000

0008 hours - ACAMS alarm clears at 702

0028 hours - ACAMS alarm sounded at 702, 0.87 ASC
0028 hours - ACAMS alarm sounded at 701B, 0.3% ASC
0029 hours - ACAMS alarm sounded at 701C, 0.56 ASC
0038 hours - ACAMS alarm clears at 701C

0040 hours - ACAMS alarm clears at 7018

0056 hours - ACAMS alarm clears at 702

Calibration and Quality Control (QC) data were reviewed during this investigation to
ensure ACAMS 701A, 701B. 70i1C and 702 were properiv maintained. Based on review
of this data, the ACAMS were properly maintained. ACAMS 7014, 7018, and 701C
required QC every four hours. This (s a part of the normal maintenance and QC
schedule. The PDARS data shows ACAMS 701A. 701B. and 701C had proper QC both
before and after the accident. Moreover. this QC demonstrated ACAMS 7014, 701B,
and 701C were operating correctlv. ACAMS 702 has slightlv less dgorous requirements
since itis & less critical alarm. but QC was performed within 2+ hours of the event, as
required. Again, the QC demonstrated ACAMS 702 was operating correctly during the
event. [nterviews with TOCDF Moenutoning Branch. personnel confirmed the QC
information. (EXHIBIT L)

Monitonng Branch personne! interviewed included the shift supervisor during the event
as well as the technician tending ACAMS 7014, 701B. and 701C and the QC Team
leader. Thetr assessment is that the ACAMS were operating properly. They said that
qualitatively, the peaks from the strip chart recorders were characteristicallv identical to
the peaks expected from the chemical agent. GB. Their judgment was that the ACAMS
TOLA, 701B. 701C, and 702 detected GB.

Calibration and QC data were reviewead to ensure DAAMS at 701A. 701B. 701C and 702
were properiv maintained and in conirol. DAAMS is used to contirm ACAMS alarms.
DAAMS tubes from the previously listed stations were removed and taken to the CAL
and analyzed for the chemical agent, GB. Prior 1o analyzing DAAMS wbes, Quality
Laboratory (QL) standards are performed on the Mass Spectrometer {MS) and Flame
Photometnic Detector (FPD). [a all cases, the QLs indicated the MS and FPD were in
control. As a matter of course. QLs are used atter sample analysis to again verify the MS
and FPD are in control. Post analysis QLs indicated the MS and FPD were in control.
The investigation also looked at the individual analyses of the DAAMS tubes to ensure
the ion ratios were correct for the MS and the retention times were correct for the FPD.
In all cases, the ion ratios and retention times were accurate for the MS and FPD,
respectively, for chemical agent. GB.

Another area examined was the DAAMS tube histories. Prior to use in the TOCDF plant,
the DAAMS tubes must be desorbed to ensure there is no background GB contamination.

18



Tube histones were examined and it was verified that the DAAMS tubes from ACAMS
701A,701B, 701C, and 702 were desorbed prior to use in the plant. Use of a tube, which

has previously been used but not properly desorbed, can incorrectly indicate the presence
of chemical agent.

The shift leader on duty during the event and the QC supervisor were interviewed. The
shift leader had compiete confidence in the results as reported and that the DAAMS tubes
analyzed did indeed have GB on them. The QC supervisor had repeatedly reviewed the
DAAMS data trom the evenr and could not find fault with the results as reported. It is
their belief that the DAAMS tubes did contain agent in the amounts reported.

A monitoring technician inadvertently switched the paperwork for the DAAMS tubes
from PAS 702 with the paperwork for DAAMS tubes from PAS 704. The switch
occurred durtng the rush to get the DAAMS tubes to the Chemical Agent Laboratory
(CAL) for analysis. The DAAMS tubes were transported by the technician to the CAL.
put in the queue for analysis, and then analyzed. The technician realized his mistake after
ten minutes. The technician immediately drove back to the CAL and informed both the
personnel at the CAL and the CON of the mistake. The technician comrected and initialed
the paperwork that accompanted the DAAMS tubes. A written statement, signed by the
technician who switched the paperwork accompanying the tubes, is part of the archived
anaiytical results. During the ume before the mistake was corrected, the CON was not
aware of the actuaf source of the agent released.

Perimeter monttoring stations are located at various points around TOCDF. The
perimeter morutoring stations use DAAMS tubes to collect air samples that may contain
chemical agent. Two tubes are used simultaneously at each station. The DAAMS tubes
sample air for [2 hours and are then analvzed for chemical agents by technicians at the
CAMDS), co-located with TOCDF at DCD. The perimeter DAAMS tubes sampled the
air surrounding TOCDF from 1800 hours, 8 May 2000, to 0600 hours, 9 May 2000, This
ume frame brackets the times of the accident. One DAAMS rtube from Station 905
showed a very small peak. well below the Limit of Quantification (LOQ), using FPD
analvsis, with a retention time consistent with that of GB. [f the chromartographic peak
was indeed GB, the levet was approximately 0.03 of the General Population Level {(GPL)
(LOQ is 0.20). Results below LOGQ are suspect.

A technician at CAMDS desorbed the second DAAMS tube before another
confirmational analysis could be obtained. Retaining these rubes for possible analysis.
even when the A (first) tube has been analyzed to below LOQ quantities, would have
been beneficial.

As the second tube was not available. and to provide a more robust analysts of the
DAAMS tube from station 905, meteorological data was requested from CAMDS to
determine the wind speed and direction at the time of the event. The location of the
cleven perimeter monitoring stations was also requested. Based on the wind speed and
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wind direction, which existed at the time of this event, there was no mechanism to
transport agent from the common stack to Station 9035. Station 905 15 located a couple of
miles from TOCDF and was upwind at the time of the event. Stations in an area where
the existing wind might have transported agent, 907 and 910, did not detect any GB

during the event. (EXHIBIT E) This investigation concluded that no agent released from
TOCDF was detected at the perimeter during the event.

In general. the ACAMS and DAAMS values are in agreement. However, some
discrepancies warrant explanation. A graph titled “TOCDF ACAMS Alarms™ is included
(EXHIBIT G). and reterred to, in the following discussion. The graph shows time. on the

abscissa and the ACAMS reported level of GB on the ordinate. ACAMS 7014, 701B,
701C and 702 are shown on the graph.

The first curious result, referning to the initial alarm during the period 23:26 to 00:08
hours. is the delay in time and the depression of signal for the ACAMS 702 dara, with
respect to the stack ACAMS. The ACAMS 702 is upstream of the ACAMS 701 seres.
Nommally, one would expect to find the ACAMS 702 going into alarm betore or
simultaneously with the ACAMS 701 series (the residence in the duct between the two
detectors 1s on the order ot seconds). However. the ACAMS 702 alarms about 14
minutes later than ACAMS 701 A and 70t1C. Additionally, ACAMS 702 has a reported
peak GB value of approximately [.5 ASC while ACAMS 701 A and 701C both have a
peak value of roughly 5.5 ASC. This is unusual because the ACAMS 701A and 701C
should see a lower concentration than the ACAMS 702, due to dilution downstream of
702 and upseam of 701A, 701B (which was not on-line during the first event). and
701C. The tflow from ACAMS 702 was diluted prior to s arrival at ACAMS 701 A,
702B, and 701C by the effluent from the liquid incinerator. This additional gas flow
should reduce the ACAMS and DAAMS readings at ACAMS 7014 and 701C.

The DAAMS darta for ACAMS 701A and 701C correlates well with the 701A and 701C
data. Likewise, the 702 DAAMS data agrees with the stack ACAMS and DAANMS data.
since the reported ASC value (s slightly higher than 701 A and 701C. This is expected
pecause of the previously mentioned dilution of the DFS effluent with gasses from the
LIC.

The second singular result is the relatively quick reduction of the reported concentration
for ACAMS 701 A and 701C relative to that of ACAMS 702. The ACAMS 701A and
701C go out of alarm at 2331 and 2353 hours on 8 May 2000, respectively. Meanwhile,
ACAMS 702 remains in alarm until 0008 hours on 9 May 2000. Just as ACAMS 702
would be expected to go into alarm before ACAMS 7014, B. or C, it would normally be
expected to go out of alarm before the stack ACAMS.

A plausible explanation of these results, consistent with the facts as they are known at
this time. is carbonaceous deposits on influent side of the sample probe adsorbing and

then slowly desorbing GB. Prior to the alarms, the furnace was in an upset condition.
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This is known from control room data as welt as ACAMS chromatographic data. The
ACAMS data shows numerous compounds eluting from the gas chromatographic ¢olumn
where normally few if any compounds are seen. These compounds, most likely the
carbonaceous Products of [ncomplete Combustion (PICs), may have adhered to the inside
of the ACAMS 702 sample tube thus providing attractive adsorption sites for GB
entering the PAS duct sampie probe. Carbon is a well-known and characterized
adsorbent that adsorbs nerve agents such as GB quite well. Just as carbon adsorbs

organic compounds, such as GB. it will also desorb organic compounds such as GB over
time.

To check this possible explanation, the sample probes’ transmission efficiencies were
tested by the Monitoning Support Branch for 701 A, 701B, 701C, and 702. The logbook

for ACAMS 702 was also checked to see if the transmission efficiency had decreased
since the event.

The logbook for ACAMS 702 showed there was a decrease in the transmission efficiency
since the event. Upon getting transmissions of 20% and less, the technician, washed out
the probe with deionized water. After several washings the transmission efficiency
improved to an acceptable levet of 80% or better. The transmissions efficiencies as
tested during the investigauan checked the full length of the sample probe, but the
transmission efficiency is only checked on half the length or less by current procedures.

The sample probes for the ACAMS 701A and 701C, the two probes involved. were tested
and tourd to have acceptable rransmission etficiencies. Currently, the transmission
eftficiency is only checked on half the length or less of the sample probe.

As was noted previously, the readings for ACAMS 702 move asymptotically toward
zero. This result is consistent with GB desorbing slowly from the carbonaceous deposits
on the ACAMS 702 sample probe. Furthermore, with the excepuion of a single point, the
ACAMS alarm levels rose slowly tor ACAMS 702 while those of 701 A and 701C rose
very quickly. This is again consistent with GB adsorkbing onto the carbonaceous deposits
in the sample probe thus lowering the concentration of GB transmitted to the ACAMS
702

The second event on the graph is a nearly textbook example of how the PAS ACAMS
should alarm. in both time of response and level of agent. given the presence of agent in
the PAS. The ACAMS 702, with its artendant sample probe. once again takes longer to
go out of alarm.
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C. Mapagement/Personnel.

t. Training [ssues. Control room operators undergo lengthy training to become
certified. The traming starts after the operator’s initial employment with the systems
contractor. The operators are sent to the CDTF for initial training. The operators are
trained on basic system procedures and return to the site for on-the-job training (OJT).
The operators are certified after a formal training program on site.

2. Knowledge. The DFS CRO was certified to operate the DFS without supervision.
Duning his training at the CDTF, approximately one year ago, he received both written
and practical examinations on furnace upset conditions. The OJT included written
examinations and practical hands-on experience in aperating the DFS under normal
conditions. but did not include practical testing or training on furnace upset conditions.
The DFS CRO had not experienced any tumace upset conditions during his OJT or
during his tenure as a DFS operator. There is also no requirement to retrain CON
operators at the CDTE.

Additionally, the DFS CRO did not demonstrate a therough knowledge ot the DFS
system. The DFS CRO was adjusting the system to values experienced during normal
operation of the fumace. The DFS CRO did not take the appropriate corrective actions
based upon rapidly changing conditions. The DFS CRO used values that would have
been satisfactory for normal furmace conditions. The operator was unable to determine
the cause and effect relatnonships of the inputs he was providing. Failure to fully
understand this cause and effect relationship ailowed the operator to provide inputs that
caused system respanse far exceeding normal values. The CRO was also unable to
determine the enure system response based on his inputs to the controf system. The
operator was unaware of the conditions that caused the accident.

The acting SCRO was artempung to further the traiming of the DFS CRO by aliowing the
operator to conirol the furnace during a DPE entry that caused large changes in furnace
pressures. This was also the first ume the DFS CRO gerformed NNOP DFS-011-01 to
clean the feed chutes. The acting SCRO was unaware that the DPE entran:s placzd an
AQS strainer sock containing agent on the upper feed gate in the ECR. The acting SCRO
believed that no agent was present in the DFS. During the initial failure of the flue gas
flow meter. the acting SCRO and another senior CRO allowed the DFS operator to
continue to operate the furnace believing that no agent was present.

Shift teamns have varying levels ot knowledge and experience. The investigation
concluded that the team in the CON the night of the accident was relatively
inexperienced. The experience level of the team was further degraded because the
regular SCRO was on leave thar night.

The DFS CRO on duty the night of the accident was relatively inexperienced at operating
the DFS and had never operated the DFS after a system upset. There were only two other
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members of the CON staff who were more experienced and may have been able to assist
the DFS CRO recover from the DFS upset. However, one was the Entry CRO and he
was fully occupied communicating with the DPE entrants during the execution of the
non-normal procedure to wash debris from the DFS lower tipping valve. The other
person was the acting SCRO. The acting SCRO was fully occupied with running the rest
of the CON and ensuring that the plan of the day was being executed properly.

As the DES upset progressed, the Entry CRO was able to lend some assistance.
However, this assistance came too late and was not sufficient. Also, when the acting
SCRO became involved and decided that this might be a good training exercise, he was
not informed of the AQS strainer sock that had been placed on top of the DFS feed gate.

The investigation concluded that a lack of DFS operating expertise and poor
communications in the CON contributed to the release ot agent from the common stack.

5. Communications. During the night of the accident the Plant Shift lanager (PSM)
was occupied with the coordination of the repackaging ot M36 warheads in the Unpack
Area (UPA) and with other administrative duties. He was unaware of the upset of the
DFS and that an inexperienced CRO was being allowed to recover the system as part of
his QJT. He later said that. if consulted, knowing what he knew at the time, he would
have agreed with the acting SCRO and allowed the training expenience to occur.

The PSM was not notitied of any particular probiem until he was asked to help process
the Temporary Change Form, DFS-0112, to allow a jumper to be installed into the DFS
BMS. The jumper was 10 allow the svstem to be purged with the intent of getting at least
one AFB burner lit.

Additionally, when the PSM became involved, he was not informed of the AQS strainer
sock that had been placed on top ot the DFS feed gate. Had he known of the AQS
strainer sock on the DFS feed gate and the excessively neganuve pressures in the kiln. he
may have directed the acting SCRO to ensure that the DFS was bortted-up unul an
alternate restart method could be developed.

The investgation concluded that poor communications in the control room and the
resulting lack of early awareness by the PSM contributed to the release of agent from the
common stack.

D. QObservations.

{. DPE Entrv. A pre-entry meeting precedes every DPE entry conducted at TOCDE.
This meeting must be attended by the PSM (or designee). It must also be attended by the
operations supervisor, the DPE entrant team, the DPE Support Area (DSA) lead operator
and support team. a safety representative, the CON operator involved, the Medical Clinic
person who will monitor the entry, and an environmental representative. During this
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meeting, the qualifications of involved personnel are verified, the tasks to be
accomplished are discussed. and entry/exit routes are identified using the pre-entry
checklist. The pre-entry checklist (EXHIBIT J) has not implemented PMCD Policy
Statement No. 57, Medical Evaluations for Potential Exposure at Chemical
Demilitarization Facilities (CDF) and the CAMDS — Department of Army Pamphlets (DA
PAMs) 40-8 and 40-173.dated 29 December 1998. The area which has not been
implemented relates to the agent level in the surrounding air if the DPE should be
breached, and so did not figure into the events of 8-9 May 2000 in any way, but the
checklist criteria should be made consistent with PMCD policy.

The videotape of a DPE entry to ECR B was reviewed. All DPE enties are video 1aped
for accident prevention purposes and svstems analysis. This videotape documents the
operation to free a lower tipping valve, which had been sticking on § May 2000 (although
the entrants state the debris was actuatly clear by the time they arrived at the ECR). The
actions observed correspond with the entrants’ description. espectally the multple times
they had to return to the airlock to obtain supplies (a ball valve. 2 hose clamp, a drop
light). This resulted in the upping valve being cycied numerous umes. [t is noted,
however, that the time stamp on this videotape is incorrect by severat hours. While the
entry actually began around 2010 hours. the time stamp on the videotape indicatas tt
began at approximately [420 hours.

2. Read & Sign. All TOCDF SOPs require personnel to read and sign a document
indicating they have read and understand the requirements of each SOP. A “Read and
Sign™ document is also required for all changes to SOPs. A sample of “Read and Sign”
documents was reviewed to determine if this requirement was being implemented. Based
on this sample, the requirement is being fulfilled. As a side note, TE-SOP-004 Rev 4
Chg 1 was approved on [ 7 April 2000. but the basic document. TE-SOP-004 Rev 4 Chg
0. was not approved untl 26 April 2000. (EXHIBIT Q) While the actual change was
very minor. it is nonetheless troubling that a change was somehow approved for
implementauon betfore the basic document had been accepted for use.

5. Training. The Personnel Training Plan (PTP), Revision 3, (CDRL 18) was
reviewed. This document identifies the training requirements for certification and
qualification of all personnel. The personnel training records for the identifted personnel
meet the requirements of the PTP. However, the training records are not standardized in
their description. Over ime, course material has been redistributed among courses. All
material is still being taught, but course names have changed in some instances. For
instance, the Site CSDP Ammunition Course (SAMMO) is a required course for all CON
operators. However, not all CON operators have taken this class. The reasoning for this
is that the more senior personnel are listed as taking General Employee Training. This
course, which is no longer offered, included the information currentty provided by
SAMMO. Although the PTP requires all CON operators to take the Container Handling
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Building (CHB) Operators Class, some CON operators have not taken this course. This
course is currently only provided to those CON operators who are/will be CHB operators.
The PTP does not reflect these changes to course names and training philosophy.

[1I. FINDINGS AND RECOMMENDATIONS

A. Mechanical Systems Analysis

Finding #1. [f the tlue gas flow meter had not failed, the DFS CRO would have been
able to stabilize DFS flows and pressures. [t is probable that the DFS CRO would have
been able to return the DFS to its normal operating parameters and been able to process
the contamtnated AQS strainer sock safely. [f the flue gas flow meter had not failed. there
would have been no reiease of chemical agent from the common stack. (EXHIBIT A/M)

Finding #2. [f the tlue gas flow meter had not been exposed to excessive amounts of
liquid. it would not have failed. [{the flue gas flow meter had not tailed, the DFS CRO
would have been able (o stabilize DFS flows and pressures. [t is probable that the DFS
CRO would have been able to return the DFS to its normal operating parameters and
been able to process the contaminated AQS strainer sock safely. [fthe flue gas tlow
meter had not failed, there would have been no release of chemical agent trom the
common stack. (EXHIBIT A/M)

Finding #3. [tis probable that if the flue gas flow meter had not eroneously indicated a
loss of system flow, the DFS CRO would have been able to stabilize DFS flows and
pressures and been able to process the contaminated AQS stratner sock safely. [f the tlue
2as flow meter had not indicated erroneously, there would have been no release of
chemical agent from the common stack. (EXHIBIT A/

Recommendation £1-3. [dentify and install a more robust method of ¢nsuring that the

DFS flue gas rate is measured for muinimum draft. The following options should be
invesugated:

— [nstall a backup to 24-FSLL-430 using a more robust flow-indicating switch. Wire the
signal from this switch into the BMS in parallel with the existing 24-FSLL-430.

— [dentify a flow element and flow-indicating transmitter that is more robust and reststant
to exposure to the flue gas at the exhaust of the scrubber tower under all DFS operating
conditions.

— Determine if there is an alternate location that the flow element can be installed so that
it can perform its intended function without being exposed to conditions that cause
degraded performance.

Assigned to: PMCSD
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Finding #4. The current configuration of the BMS forced the operator to purge the
furnace and introduced cold air into the fumace system. The furnace did not require a
purge prior to relight. (EXHIBIT A/P)

Recommendation #4. Evaluate the BMS design, to allow a relight of the furnace if the
temperature is above 1400°F and a flow is established.

Assigned to: PMCSD

Finding #5. If the DFS AFB could be isolated from the kiln remotely by the DFS CRO
in the CON in a timely manner, then it is probable that the DFS CRO would have done
so. Ifthe DFS AFB had been isolated from the kiln during the attempts to troubleshoot
the tlue gas tlow meter and refight one burner in the DFS AFB. there wouid have been no
release of chemical agent trom the common stack. (EXHIBIT K)

Recommendation #3. [ncorporate ECP TEACS05JLL to install an tsolation system that
would allow the CON to remotely isolate the AFB from the kiln during upset conditions.
This design would be consistent with the other three baseline CONUS sites (Pine Bluff,
Umarilla, and Anntston Chemical Agent Disposal Facilities).

Assigned to: TOCDF Field Office

Finding #6. PLC automatic svstem response o a loss of DFS purge contributed to the
difficulties during the recovery of the DFS upset. (EXHIBIT A/M/P)

Recommendation #6. Modify the response of the control svstem so that an operator
acrion is required in order 1o configure the DFS to initiate svstem purge.

Assigned to: PMCSD

Finding #7. The automatic response of the control system distracted the DES CRO from
rerforming other recovery procedures. [fthe DFS CRO had not controlied 16-TIC-092
CV manually and reduced the CV from 100% to 10%. the automatic response of 16-TIC-
092 would have contributad to the DFS system upset. (EXHIBIT A/M/P)

Recommendation #7. Modify the response of the control system so the 16-TIC-092 CV
1y set to zero whenever neither AFB burner is lit. Modifv the response of the control
svstern so that when either AFB bumer is first reiit, 16-TIC-092 gradually controls the
AFB temperature tfrom the temperature at the time the bumer is it to the temperature SP.

Assigned to: PMCSD



Finding #8. Common stack and duct exhaust gas sampling probes are subject to
contamination. which was not detected under current inspection procedures.

Recommendation #8. The entire [ength of Stack/PAS Duct sampling probes should be
tested at least weekly to verify agent transfer capability.

Assigned to: PMCSD

Finding #9. The high velocity of the flue gases decreased the agent destruction
efficiency. The high velocity of the flue gases contributed to the release of chemical
agent out of the common stack. (EXHIBIT P)

Recommendation #9. Provide a method for the CRO to be able to monitor the DFS/
DFS PAS as a single systam so that tlow and pressure excursions can be more readily
identified and corrected. Possible solution would be the development ot a single Advisor

screen that contains all of the necessary pressures. temperatures and flows for the DFS/
DES PAS.

Assigned to: PMCSD
B. Operations/Procedures

Finding #10. NNOPs. prepared in accordance with Non-Normal Procedure
Development. Revision and Delerion, Revision 0, Change 2. 2 September 1999 (PRP-
MG-010). do not tully address the requirements of operating procedures or provide the
necessary detail. (AR 383-61, paragraph 2.4.e, DA Pam 383-61. paragraph 6.3.a. and
PMCD-R 383-1, paragraph 8.) (EXHIBIT H/D)

Recommendation #10. Rzvise the Non-Normal Procedure Process (PRP-MG-010) to
assure that these proceduras tulfill the essental elements of an operating procedure in
accordance with AR/DA Pam 383-51. DA Pam 3835-64. and PMCD-R 383-1. to include a
complete and accurate nazards analysis,

Assigned to: TOCDF Field Office

Finding #11. The hazard analvsis for Non-Normal Procedures, prepared in accordance
with PRP-MG-010, did not completely and accuratelv assess the risk of the operation to
assure appropriate mitigation. (EXHIBIT H/T)

Recommendation #11. Assure that procedures are not applied to operations beyond the
original intent or the scope of the supporting hazard analysis.

Assigned to: TOCDF Field Office



Finding #12. The Non-Normal Procedure being implemented to clean the DFS ECR-B
feed chute the evening of 8 May 2000 (DFS-011-01) had not been prepared for that
specific operation. (EXHIBIT H)

The DFS feed chute cleaning operation being conducted the night of 8 May 2000 had
been performed on a recurrent basis (at least twice in the previous three months).

Recommendation #12. Cleanout procedures for DFS feed chutes should be formally
prepared as an appropriately detailed. validated standalone procedure or incorporated into
an existing procedure. The procedures should incorporate alt essential elements of
AR/DA Pam 385-61. DA Pam 385-64, and PMCD-R 385-1 with a thorough hazard

analysis conducted in accordance with PMCD-R 385-1 and individuals who will perform
the operations trained.

Assigned to: TOCDEF Field Office

Finding #13. The organization of TE-SOP-004 required the CRO to hunt through the
document to find those sections appropriate for the on-going simation. {EXHIBIT M)

Recommendation #13. The format/organization of SOPs used in the Controi Room
(CON) should be reassessed to assure critical information is presented in a readily
accessible umelv manner, in accordance with PMCD-R 383-1. paragraph 8.

Assigned to: TOCDF Field Office

Finding #14. Procedures at CAMDS authorized the B (backup) DAAMS sampling tube
to be desorbed without analysis whenever the A rube was determined not to have detected
agent above the LOQ. (EXHIBIT M)

Recommendation #14. Procedures should be establishied to assure that B tubes {from
DAAMS perimeter monitoring stations are retained for later analysis it the results ot the
A tube indicate a peak within the agent gate, but less than the instrument’s LOQ.

Assigned to: CAMDS/PMCD

Finding #15. TE-SOP-004 R4,C0 (DFS Operations) was approved 26 Apnl 2000; TE-
SOP-004 R4,C1 had been approved 17 Apnl 2000. A changs to a Standing Ogerating
Procedure was approved betore the basic document was approved. (EXHIBIT Q)

Recommendation #15. Reassess the process by which procedures are reviewed/

approved. with specific attention to the sequence in which changes are approved/
incorporated.

Assigned to: TOCDF Field Office



Finding #16. The DFS operating procedure TE-SOP-004, does not address the situation
in which a hot relight of the DFS AFB may be required. The DFS CRO was required to
follow the normal restart procedures during the accident. (EXHIBIT M/Q)

Recommendation #16. The SOP should be changed to allow the DFS CRO to perform a
restart of the DFS when the furnace has flow and temperature in accordance with
National Fire Protection Association Standards. The SOP should also contain enough
detatil to assist the CRO during upset conditions.

Assigned to: TOCDF Field Office

Finding #17. The PAS is designed to remove acid gases trom incinerator exhaust and is
not designed or intended to destrov chemical agent: however, the alkalinity of the
solution will react with GB. if present. If the clean liquor flow had not been stopped. the
agent in the DFS flue gas flow system would have had increased contact time with the
caustic in the clean liquor solution. [f the clean liquor pump had remained running, the

total amount of agent released from the common stack would have been reduced.
(EXHIBIT A/P)

Recommendation #17. Ensure. by procedure, that clean liquor and quench bnne flow is
established whenever the [D fan or emergency ID fan is running. The Programmatic
(.essons Leamad Issue 96-662 identified the issue of ensuring that the clean liquor pump
was operating when the induced draft fan is operating.

Assigned to: PMCSD

Finding #18. An excessive amount of water was added to the DFS feed chute. This
water flashed to steam when it entered the high temperature envirenment of the kiln.
This rapid generation ot steam instantly upset the temperature — pressure relationsnip and
contributed to the perturbations of the DFS pressures and flow rates. (EXHIBIT P)

Recommendation #18. Modiry chute ¢leaning procedure 10 eliminate excess water.

Assigned to: TOCDF Field Office

Finding #19. The inability of the DFS CRO to maintain DFS pressures adequately after
the exzcution of NNOP DFS 0112 to clean debris from the DFS tipping valve was a
contributing factor to the release of chemical agent out of the common stack. (EXHIBIT
A/P)

Recommendation #19. Provide the necessary troubleshooting skills by training all
furnace operators in the proper techniques for using both the ID fan inlet damper and the
venturi plug valve 10 control system flow and pressure after 2 fumace upset.

Assigned to: PMCSD



Finding #20. The amount of time required to obtain approval of a temporary change
during an upset 1s excessive. During the night of the accident. the temporary change to
bypass the flue gas flow meter required over 30 minutes. (EXHIBIT M/S)

Recommendation #20. The temporary change procedure should be reviewed to ensure it
ts responsive to the operaiors’ needs. People required to sign indicating approval of the
temporary change should be available on site 24 hours a dav. Common and routine
temporary changes should be incorporated into a procedure.

Assigned to: TOCDF Field Office

Finding #21. The CROs are using uncontrolled drawings at their workstations.
Controlted drawings can not be reproduced for use in operaung the plant as per Review
and Distnbution ot Documents (PRP-DC-008). (EXHIBIT M3

Recommendation #21. The drawings required bv the CROs should be controlled under
the Receipt and Storage ot Records and Reference Documents (PRP-DC-004). The
drawings should be stored at the CRO's workstation and should only be those drawings
that pertain to the CROs specific operation.

Assigned to: TOCDF Field Office

C. Management/Personnel/Training

Finding #12. The lack of overall system knowledge and experience of the shift on cduty

the night of the accident contributed to the release of chemical agent out of the common
stack. (EXHIBIT M)

Recommendation £22. Perindically review the experizncs [evel of the four shift teams.

Reassign the workfores to ensure that each shift is equally gualified to safelv operate the
TOCDE.

Assigned to: TOCDF Field Otfice

Finding #23. The caruirication process for CON operators does not include refresher
training. During the accident, the ability of the control rocom operator to react to a
dvnamic situation was degraded by the lack of experience. The experience in controlling

any of the furnaces during an upset condition is accomplished during their initial training
at the CDTF. (EXHIBIT M)

Recommendation #23. The normal certification process for a CON operator starts with
some initial training at the CDTF. This training provides the operator with a basic set of
skills required to operate the systems he/she is expected to operate. During the training at
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the CDTF, the operator is tested on his ability to handle a variety of system conditions, to
include system upset. After this training, the operator is sent to the site for on the job
training. The on-site training can not provide the contingency training required to
maintain proficiency should an upset occur.

To maintain operator proficiency in contingency training, a PC based simulator should be
installed on site. The simulator training could be incorporated and managed under the
current on-site training program. The training should be accomplished on a frequent

enough basis to allow operators 10 maintain proficiency in contingency operations. The
training may be self-paced or facilitated.

Assigned to: PMCSD

Finding #24. The DFS CRO did not demonstrate a detailed working knowledge of the
DFS. This was demonstrated by his inability to control the mvo devices used to maintain
furnace pressure within tolerance. (EXHIBIT A/P)

Recommendation #24. The DFS CRO had not been tested on his working knowledge of
the DFS for about one year. The operator had completed his rzquired training and was
not required to artend any further training. The TOCDF should consider formal training
on site or refresher training at the CDTF. This training should be adaptable to the
requirements of the individual receiving the wraining.

Assigned to: TOCDF Field Office

Finding #25. A lack of DFS operaung expertise and poor communications in the control
room contributed to the release of agent from the common stack. (EXHIBIT M)

Poor communications in the CON and the resulting lack of eariy awareness by the Plant
Shift Manager contributed 1o the release of agent trom the common stack.

Recommendation #25. Routinely provide team building and communicatians skills
training to the CON crews.

Ensure that the Plant Shift Manager has the necessary skills and knowiedge to 1dentify
and troubleshoot overail piant svstem upsets.

Assigned to: TOCDF Field Office
D. Observations
Observation #1. During the DPE entry to ECR B, 8 May 2000. an entrant’s air hose was

allowed to lie directly above the hot upper feed gate, which could compromise the
material.



Recommendation #1. Procedures should be established to assure that DPE airlines are
not routed across the DES upper feed gate.

Observation #2. TOCDF has not implemented PMCD Policv Statement 37, Medical
Evaluations for Potential Exposure at Chemical Demilitarization Facilities (CDF) and
the Chemical Agent Munitions Disposal System (CAMDS) - Department of Army
Pamphlets (DA PAMs) +0-8 and 40-173, dated 29 December 1998. (EXHIBIT I}

Recommendation #2. PMCD Policy Statement 37, dated 29 December 1998, should be
fully implemented at TOCDF.

Observation #3. The time stamp on the videotape documenting the DPE entry
conducted beginning approximately 2010 hours, § May 2000. is incorrect by about five
nours; the time stamp shows times beginning about 1420 hours. These videos are usetul
for training, accident investigation/prevention. system analysis. etc.; the conrusion caused
bv mislabeling degrades their usefulness.

Recommendation #3. Videotape recorders in the CON should be frequently tested to
assure the date stamp being applied is accurate.

Observation #4. The Personne! Training Plan does not accurataly reflzact the training
needs of all personnel.

Recommendation #4 Revise the PTP to accurately reflect reguired training tor all
positions.



GLOSSARY

Term Definition
ACAMS Automatic Continuous Air Monitoring System (based on gas
chromatography)
| AFB Afterbumer — The secondary chamber ot a CSDP incinerator; the exhaust
| from the primary chamber is further exposed to high temperature to
' | assure agent destruction
I AQS Agent Quantitication System
i AR Army Regulation
: ASC Allowable Stack Concentration - for GB. 0.0003 mg/m’
- BMS | Burner Management Svstem
| CAL | Chemicai Agent Laboratory
i CAMDS | Chemucal Agent Munttions Disposal System !
"CCTV i Closed Circuit Television i
+ CDC t Centers for Disease and Prevention |
- CDTE . Chemucal Demititarization Training Facility |
CHB ' Contatner Handling Building |
" CON I Control Room |
CONUS - Continental Gnited States |
CRO ' Control Room Operator |
- CSDP : Chemical Stockpile Disposat Project !
CCV . Controf Vanabie; a signal to a control devics (e.g. how far open/closed) |
" D2PC . Dowmwind Hazard Prediction Modeling Program |
- DAAMS . Depot Area Air Monitoring System (based on gas chromatography in the i
' lab) J
DA Pam Department of Armv Pamphlet 5
DCD : Deseret Chernical Depot l
DES Deacuvation Fumace Svstem (destrovs explostve components of ;
+ munitions & residual agent: thermally decontaminates metal parts of ?
‘ ! rockets & mines) ‘
. DPE + Demilitarization Protective Ensemble ( fully encapsulating suit. supplied |
i ' air) |
- DSA . DPE Support Area |
- ECP ! Enginezning Change Proposal !
ECR Explosive Containment Room (room where explosive components are |
! ! disassembled: built to contain the etfects of an explosion}
: FPD | Flame Photometric Detector
i GB | [sopropy! Methylphospnonofluoridate (Nerve Agent)
 GP | General Physics Corporation
' GPL i General Population Level
| HDC | Heated Discharge Conveyor
+ [D Fan | Induced Draft Fan




GLOSSARY (Cont'd)

Term Definition

SOP Standing Operating Procedure

SP Set Point
| TOCDF Tooele Chemical Agent Disposal Facility
I UMC Upper Munitions Corridor
| UPA | Unpack Area
[Us. United States
{ USANCA U.S. Amy Nuclear and Chemical Agency
| USATCES | U.S. Army Technical Center for Explosives Safety

Water Column — inches of water column ts 2 pressure measurement {the

W

force required to raise a column of water one inch)

|




